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Exotic hadrons
 ———— e ————————————.

Exotic hadrons v.s. baryons & mesons
g3 <€—> Baryons

gig > Baryons with | more. ?

meson cloud

B Exotic
qq <—> Mesons hadrons

92g 2e—> Two-meson

?
systems + MOre...

Jan 9, 2007 @RCNP



Exotic hadrons
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Exotic hadrons v.s. baryons & mesons

g3 <€—> Baryons
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Twn-meson
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A\ (1405)
R ———

mass spectrum of g3 baryons

<«— calc

100MeV| < exp.
diff «— P

A (1405) is too heavy.
Spin-orbit is too small.
... meson effects?

P-wave
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A (1405)
—_— e

Flavor-singlet|P-wave|q? state ?
Observed As-/A1 splitting

Observed large LS splitting

— are difficult to reproduce...

g*q state ?
CMI (A-A)(o-0) can be strongly

attractive in 2 states of T=0 JF=1 /2
— butalsoin T=11/2
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Problems in A(1405)
From a guark mgﬂﬂ i ¥|§WW‘HE

mass diff.

config.

origin

Theo.

Exp.

Ma - MNnN

(0-0)

300 MeV

300 MeV

Mnasg - MAan

(0-0)

150 MeV

flavor sym.

Larger

200 MeV

MnN@3/2-) = MiNQ/2-)

(LS)

0 MeV

0 MeV

M A (1520)
- M A(1405)

(LS)

0 MeV

(0-0)

Larger

115MeV
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A (1405)
—_— e
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Baryon-meson scattering (QCM)
 ——————eee—

From Schrodinger eq for quarks:
(HOI —E)$p =0

Assuming wave function as
W =¢B¢MX

By integrating the internal modes out we

get RGM eq (using real meson mass)
(H—EN)x=0

3-channel coupled QCM scattering calc.

for mu£ms
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No Eeak iIs found for 949— |

Reduced mass of 27 is small — Kinetic term is
large — Short range attraction is suppressed.

No attraction in the NK channel.

Mass Spectrum Mass Spectrum
arb. unit O (Rad) arb. unit
2

Mass Spectrum

O —

1

Vo lse

NK threshold

30
C.M. Energy E,, (MeV) C.M. Energy E., (MeV)
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With g3-pole ---

A(1405) = |g3) + lg4g) (Very rough
Transition pot. (o3| V Ig%q) : estimate)
V= | A1g3(0s)20p) <BM g*q(0s)°|

9 <“‘ M’u>

N1 1/2- 28 1/2-
pair-annihilating 2m -178.1) Am 47.6
diagram NK  117.1 2m 61.4
! An 57.5{ NK  -85.0
(in MeV) 2n -434

use smalleras :x)2
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Coupling to g3

(0s)5+(0s)20p 2000

The mixing is larger
in A1/2-.

Width ~ 100 MeV.

A\ may be seen;
while 2 does not
give a peak 777

A+TT
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g3- qg scatterlng with 33 Eole

q3 -pole at 2m + 130MeV (~1460 MeV)
gives a resonance at 1400MeV!

21+ NK 21+ NK + pole

S +NK-bar Scattering (L=0) 2z +NK-bar Scattering (L=0)
Mass Spectrum Mass Spectrum

arb. unit O (Rad) arb. unit O
4r

Mass Spectrum

6—

+ jpole

200 30
C.M. Energy E_, (MeV) C.M. Energy E_,, (MeV)
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wave functions at resonance
 —————— e ——————————.

Contribution of
the g3-pole is

| . _
large. | '
1 |2 | NK-bar I

NK 5.3

g3-pole 25.6

0 > r [fm]?

Can this be observed...?
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2 * (flavor octet)
 —————— e ——————————.

No peak is found around 1400MeV.

mixing between g#q and g3 is small.

The mass of the g3-pole is heavy.

arb. unit

100 200 300

2.7t threshold
. C.M. Energy, E..,, (MeV)

100 200 300 S|ngle Cha

C.M. Energy E_., (MeV)

pole
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Summary of parity -1 barzons

A (1405) and 2 * are investigated
as a (g3-qq )+qg3 pole system.

Only A(1/2-) has a resonance around
1400MeV.

The peak in2 (1/2-) is found at the higher
energy.

N\ (3/2-) is not calculated dynamically. But
2*r has smaller attraction than A(1/2-).

But what is a multiguark component rather
than the baryon-meson?
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X(3372)
—_— e

X(3872) found in B*—K*X
M(X) = 3871.7+0.6 MeV

[ < 2.3 MeV

Threshold D505 64.7Mev

J/Yw= 3879.5MeV D D™ J/Y w 8MeV
D*D** = 3879.1MeV X D*0DO J/yYp
J/W p=3872.7MeV

DOD*0 = 3871.3MeV _
DD —138MeV
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XSBS?ZZ: CC or not CC ?

X(3872) peak was found in tm~ J/Y
channel (Belle PRL91(2003)262001)

narrow width < 2.3 MeV. (Not decay to DD)

Notcc ? mm mass spectrum suggests

that the peak is not a simple cc state.
(See, e.g. G.Bauer Int J Mod Phys A)

ccg ? (Seth 05; Li 05)

DOD*0 meson? (Swanson 04; Torngvist 04)

gqgcc 7 (Maiani 05)
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X$38722: CC or not CC ?

X(3872) peak was found in tm~ J/Y
channel (Belle PRL91(2003)262001)

narrow width < 2.3 MeV. (Not decay to DD)

Notcc ? mm mass spectrum suggests

that the peak is not a simple cc state.
(See, e.g. G.Bauer Int J Mod Phys A)

ccg ? (Seth 05; Li 05)

DOD*0 meson? (Swanson 04; Torngvist 04)

gqgcc 7 (Maiani 05)
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Hamiltonian for quarks

H = Nonrela Kin + linear Conf
+ OGE + Ins + @1, oexch

X

0° (1)

1
4dmm/’

| )\2)\]) (3 + O'@’O'j)Pij TOg
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Hamiltonian for quarks

Ins (affects only light quark pairs.)

Vo 3 9
Vins = Y 5 Si& (1 g AirAj FagAir 400 ) Pi;0°(7ij)
i<j
3 9

a Vo

o o ¥
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Estimate by (0s)+
 ———————— e ——————————.

Effects of the interaction on qq pairs

Rough sizes are obtained from NA,
and n'-n mass differences.

Color Spin Flavor CMI OgE-a Ins E[MeV] State

] 0 ] -16 0 12 34 n

-16 O -6 -327 T

16/3 O O 63 w

16/3 O O 63 o
O 3/4 4]

2 O -3/8 15
-2/3 9/2 9/4 97

1 2/3 0 -9/8 -3¢ [N TN

0
1
1
0 2
0
1

In JPC — O++,
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Realistic Calc.
m— 000

mu =313 MeV
ms = 593 MeV
mc = 1250 MeV

aconf = 172.4 MeV/fm

as=0.73

Vo,ins = -143 MeV/fm3
(pn=0.4)

Eu=0.586

Ecc=0.198

/\g = 3.3 fm-!

982/4 1 =0.69
Mo=67/5 MeV
N\ o= 5.3fm"!
Nz=1.1fm"

> |
O
=)
z
> L

- MEeS0NS

Illllllli

—I_

JY




Realistic Calc. - m
D msmmm—

mu =313 MeV
ms = 593 MeV

mc = 1250 MeV

aconf = 172.4 MeV/fm

as=0.73

Vo.ins = -143 MeV/fm?3

(pn=0.4)
&Ecu=0.586
Ecc=0.198

/\g = 3.3 fm-!

982/4 1 =0.69
Mo=67/5 MeV
N\ o= 5.3fm"!
Nz=1.1fm"

> |
O
=)
z
> L

0.8

0.6

0.4+

0.2+

0.0

— wiof p
—— Gaussiaz

0

I Rfm] 2

Solved results\
0

Illllllli

—I_

eSons
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Realistic Calc. - gg CC

Stochastic variational approach
= D crm U YU

U = PU)P(2)Y3)P(4), PU(1)A Y(2)P7(3)A"P*(4)

o = |(11)1) (J/wm
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Realistic Calc. - gg CC

Binding Energy

weaker stronger

|J PC
meson-exch | meson-exch

11+ (J/¥ o) 5 MeV 26 MeV

O1++ (J/Y w) Not Bound 5 MeV
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Molecule AND diquarks 7
 ————————— e ——.

Components and size

N ms Ry, Ru, Ru, (Vour) (Vo) (VistVid)
(Jhop)n 052 217 0.97 064 201 33 0 0

J/Y-p (117%)
J 048 142 143 124 048 =33 0 -9
BE=5.1MeV (/s

c.f.

meson size
Jo 0.89

D 0.65
D* 0.73
J/v  0.51
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Molecule AND diquarks 7

Components and size

N s Ry, Ry, Ry (Vo) (Vo) (ViestViee)
Ul 052 207 007 064 201 33 0 )
SR (177) it 142 143 124 048 -3 0 5

BE=5.1MeV

c.f.

meson size
0 0.89
D 0.65
D* 0.73
J/v  0.51
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Molecule AND diquarks 7

Components and size

J/Y-p0 (117)
BE=5.1MeV

N ms Ry Ry, Ruy Vo) V)

1 002 217 097 0.64 2.01
048 1.42 1435 1.24 0.48

33
—33

0:60 148 091  1.16
0.30 2.39~. 233 (.52

—41

meson size

0 0.89
D 0.65
D* 0.73
J/v  0.51
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Molecule AND diquarks 7
———— e —
Components and size

N ms Ry, Ru, Ru, (Vour) (Vo) (VistVid)
)1 0.52 2.17 0.97 0.04 2.01 33 0 0
)8 048 142 143 1.24 048 =33 —)
R
s

0
p 060 148 091 116 -4l 0 —1
0 -1

Jw-p (1)
D
D

(
BE=5.1MeV ((
(

D
D 0.30 239 233 002 21

c.f.

meson size
0 0.89
D 0.65
D* 0.73
J/v  0.51
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Density distri & rms
 ——————— e ——————.

<& (Rmm-X)> J< S (Rmm-X) rii2 >

1 1 1 | 1 1 1 1
Rms of mesons -

Density distribution

—— JAp-p color-singlet i -=- S)/11)

— D-D* color-singlet | — D and D*
---- Jhp—p color-octet
---- D-D* color-octet

Jan 9, 2007 @RCNP



Density distri & rms
 ——————— e ——.

<& (Rmm-X)>

| I I I I
Density distribution

V< O (Rmm=-X) rij2 >

1 1 1 | 1 1 1 1
Rms of mesons -

— P

-=--JN
—— D and D*
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Density distri & rms
 ————————— e ——.

<O (Rmm-X)> J< O (Rmm-X) rii2 >

I | I | T | | T | | | I I I I | I I I I | I I I I
Density distribution - Rms of mesons -
— P

---JAp
—— D and D*

_ <1 0O

X
— "D
FTNeeeTTTTTTTTIm s <

| |This is just a two-meson system?

| | | | | | | | | | |
1 2 3

R [fm]
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Effects of multiguark components
 —————— e ———————.

When only correlations between uu & cc

or uc & cu are included, what happens?

No correlations among more than 3quarks
— two-meson-like configuration

Jan 9, 2007 @RCNP



Effects of multiguark components

Binding Energy

weaker stronger

|J PC
meson-exch | meson-exch

Jwo DD*

11+ (J/Y o) 5 MeV 26 MeV 0.33 0.856

O—0O config| Not Bound 9 MeV 0.26 0.89

17 MeV difference: effects from
correlations among more than 3quarks
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Density distri & rms
 ——————— e ——.

<& (Rmm-X)> J< S (Rmm-X) rii2 >

| | | | | | | | | | | | | | | | | | | | | | | |
Density distribution - - Rms of mesons -

—J/"p—p color-singlet
\ —— D-D* color-singlet -
N\ ----J-p O-O
\ ---- D-D* O-O

R [fm]
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Density distri & rms
 ————————— e ——.

<& (Rmm-X)> J< S (Rmm-X) ri2 >

| | | | | | | | | | | | | | | | | | | | | | | |
Density distribution - - Rms of mesons -

—J/"p—p color-singlet
\ —— D-D* color-singlet 7
N\ ----J-p O-O
\ ---- D-D* O-O

S \' - 1 (fr
~Multiquark correlation maintains the dls’rancﬁ
I B B L T ] Ol T T |
2 0 1 2 3
R [fm] R [fm]
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Summary
 ————————— e ——.

A (1409) is investigated
as a (g3-qq )+g° pole system.

Only A(1/2-) has a resonance around
1400MeV.

X(3872) is investigated by assuming
gqgcc system.
T=1 JPC=1++ seems to become a two-

meson molecule (J/¥ -0 and DD*) with a
sizable diquark component.
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Outlook
 —————— e —————.

‘Multiquark component” may be defined
as multiguark correlation in the hadrons.

It Is necessary to introduce ‘Multiquark
component’ ?

not yet investigated in the negative-parity
baryon resonances.

Sizable effect is found in the bound state
X(3872).

LEPS2 — Baryons, light scalar mesons,
reactions,...
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